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The lncluswe r~ production cross section at the CERN ISR has been measured for PT values of up to 11 GeV/c. We find 
that the ~/Tr ° cross-section ratxo has an average value of 0.55 -+ 0.07 and varies little wxth PT. 

Introduction. Using a detector  system [1 ] that 
offers both high spatial resolution and large solid angle, 
we have measured the inclusive r /p roduc t ion  cross 
section for values of  3 < PT < 11 GeV/c in pp colli- 
sions at the ISR. The measurements were taken at the 
three c.m. energies s 1/2 = 31, 53, and 62 GeV. Two 
different geometrical arrangements of  the apparatus 
[2] were used. 

Experimental apparatus. Inclusive rl product ion 
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was measured by detecting the two resolved decay pho- 
tons from the decay mode ~ -+ 27 with a detector  sys- 
tem [ 1 ] based on l iquid-argon-Pb-plate  calorimeters 
of  high spatial resolution and large solid-angle accept- 
ance. The two different geometrical arrangements of  
the detector  are described in detail elsewhere [2,3] and 
are shown in figs. l a  and b. 

The first arrangement, "retracted geometry" ,  con- 
sisted of  two calorimeters placed at a distance of  1.6 m 
from the interaction point,  each calorimeter covering 
70 ° to 110 ° in polar angle and 20 ° in azimuth. With 
this arrangement (where both photons of  the ir 0 decay 
were also identified) we took data which were statisti- 
cally significant up to 6.5 GeV/c in PT" For  higher 
values o fPT , the large solid angle (3 sr total  fiducial 
area) of  our "normal  geometry"  was required. This con- 
sisted of  four calorimeters, placed at a distance of  
0.86 m from the interaction region. In this configuration 
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Fig. 1. Apparatus arrangement for (a) "retracted" and (b) 
"normal" geometry. 

/> 90% of all n O ~ 23' events above PT = 8 GeV/c ap- 
peared as single, merged, unresolved, electromagnetic 
showers. The opening angle in the 7? decay is larger and 
we were able to resolve the two photons from the r/ 
decay throughout the PT range, in both configurations. 

The trigger used for the experiment is a require- 
ment of  sufficient energy deposit in the calorimeter, 
and is described in detail elsewhere [2,3]. 

The retracted geometry data presented here are 
based on an integrated luminosity of  0.65 X 1036 cm -2  
at  s 1[2 = 30.6 GeV, 1 × 1036 at s 1/2 = 52.7 GeV, and 
0.98 × 1036 at s 1/2 = 62.4 GeV. The normal geometry 
data were mostly taken at s 1/2 = 62.4 GeV and repre- 
sent an integrated luminosity of  3.62 × 1037 cm -2.  

Data analysis. The selection of  each candidate was 
done by requiring at least two reconstructed photon 
showers, the asymmetry of  the photon pair, a = [ E 1 
- E 2 [/Etot, was restricted to values smaller than 0.4, 
our detection efficiency being constant over this range 
o fa .  

The data from both geometrical arrangements 
covered a PT range of  3 to 11 GeV/c. The lower limit 
was Imposed by the trigger thresholds and the upper 
limit by the available statistics. Figs. 2a and b show 
mass spectra for the two different geometrical arrange- 
ments. The backgrounds under the peaks do not ac- 
count for more than 50% and are of  two kinds. One is 
due to the pairing of  uncorrelated showers. The other 
kind of  background, which is mainly near the rr 0 peak, 
comes from beam-gas  interactions leading to false 
shower signals. This was removed by imposing further 
restrictions on energy deposition and on the radius of  
the electromagnetic showers in the calorimeter. These 
requirements were found effective in eliminating false 
showers and rejected only 5% of  the signal. 

For each PT interval the shape of  the r?-mass spec- 
trum was parametrized as a gaussian on top of  a quad- 
ratic background;by minimizing X 2, the amounts of  
signal and background, the centrold and width of  the 
gaussian, and the background shape parameters were 
determined. The widths are consistent with the calori- 
meter energy resolution. Calculating the acceptance of  
the apparatus for each PT interval using a Monte-Carlo 
technique and correcting for the r/--> 23' branching 
ratio, the r? production cross section shown in table 1 
was obtained. The observed 7?/rr 0 ratio of  events - 
after background subtraction - was corrected by the 
relative ~?/Tr 0 geometrical and trigger acceptances. 
Therefore the r//Tr 0 cross-section ratio was free of  most 
systematic biases such as normahzatlon uncertainties, 
etc. 

Any directly produced photons [ 4 - 7 ]  are included 
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Fig. 2. Digamma invariant mass spectrum for (a) "retracted" 
and (b) "normal" geometry. 

in the 7r 0 sample for the normal geometry. The exist- 
ence of  such photons would lower the ratio ~/Tr 0 only 
for this geometry (i.e. PT > 7 GeV/c) while it would 
have no effect for the retracted geometry (tOT < 7 
G e V / c ) .  

Table 1 
Invariant cross sections for the reaction pp ~ r/X 

PT range ( pT ) Ed 3 a/dp 3 
(GeV/c) (GeV/c) (cm 3 c3/GeV 2) 

s 1 / 2  = 30.6 GeV 
3 . 1 - 3 . 5  3.30 (1.29 ± 0.21) X 10 -32 
3 . 5 - 4 . 0  3.75 (2.77 ± 0.58) X 10 -33 

s 1 / 2  = 52.7 GeV 
3 .1 -3 .5  3.30 (6.38 ± 0.75) X 10 -32 
3 . 5 - 4 . 0  3.75 (1.82 ± 0.22) X 10 -32 
4 . 0 - 5 . 0  4.50 (2.77 ± 0.48) X 10 -33 
5 . 0 - 6 . 0  5.50 (2.30 ± 0.49) X 10 -34 

s 1 / 2  = 62.4 GeV 

3 . 1 -  3.5 3.30 (7.65 ± 0.94) X 10 -32 
3 . 5 -  4.0 3.75 (2.12 _+ 0.26) X 10 -32 
4 . 0 -  5.0 4.50 (3.79 ± 0.48) X 10 -33 
5 . 0 -  7.0 6.00 (1.63 ± 0.28) X 10 -34 
7 . 0 -  8.0 7.50 (1 .51-+0.21)  X 10 -35 
8 . 0 -  9.0 8.50 (4.54 ± 0.73) X 10 -36 
9 . 0 - 1 0 . 0  9.50 (1.18 ± 0.29) X 10 -36 

1 0 . 0 - 1 1 . 0  10.50 (3.51 ± 1.43) X 10 .37 

Results and discussion. The ~7/7r 0 inclusive cross- 
section ratio as a function of  PT is shown in fig. 3, 
for the retracted geometry, for the three different 
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Fig. 4. ~/Tr ° cross section ratio for all data combined as a func- 
tion of PT, at s 1/2 = 62.4 GeV, using "retracted" geometry, 
~r ° "+ "/7 data, up to 7 GeV/c, and unresolved (n o + ~.) cross 
sections from the "normal" geometry above 7 GeV/c. 

values ofs  1/2. An average value of r~/Tr°= 0.57 -+ 0.08 

describes the data well for the range of PT of this geo- 
metry (3 < P T  < 7 GeV/c) and 31 < s 1/2 < 62 GeV. 
The above value is consistent with previous measure- 
ments at the ISR [8], while it is higher than the results 
at FNAL energies [9,10] taken at lower values of s 1/2 

and ofPT.  Fig. 4 shows the r//Tr 0 cross section ratio for 
s 1/2 = 62.4 GeV and for both retracted and normal 

geometries, as a function ofPT , for PT'S up to 11 
GeV/c. For PT > 7 GeV/c, the r//Tr 0 ratio is consistent 
with an average value of 0.53 -+ 0.07 (the errors quoted 
on these average values include an estimate of the sys- 
tematic errors). 

Some theoretical calculations [4 -7 ]  suggest that 

there is a sizeable single-photon production at high PT" 
Assuming that a possible drop in the average value of 
the r//Tr 0 cross-section ratio in going from the retracted 
to the normal geometry is due exclusively to this effect, 
then the average 7/7r 0 cross section ratio, for PT be- 
tween 7 and 11 GeV/c, would be 7/7r 0 = 0.08 +- 0.18 
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